METHOD FOR CONTROLLING A DRIVE OF A VEHICLE 



The inv ntion relates to a method for controlling a drive of a vehicle whilst in a phase of 
acceleration and also whilst in a phase of constant ground speed operation. The drive 
includes and electronically controlled engine driving an infinitely variable change-speed gear. 
During the phase of constant ground speed a desired or theoretical ground speed is preset. 

Several methods for controlling a drive of a vehicle are known, all of which having the 
disadvantage that increments of load, for example when driving an ascending slope, are 
recognised and taken into account too late. Generally, in such a case the control unit responds 
to a decrease of ground speed in a manner so as to try to maintain the desired or theoretical 
ground speed by changing the ratio of the gear. However, the number of revolutions of the 
driving engine is reduced. Action is taken only by increasing the number of revolutions and 
the power of the engine if the decrease of ground speed is higher than an acceptable limit. At 
that time the number of revolutions can be decreased by an amount making it necessary to 
start substantial corrections to respond to the rapid decrease of ground speed. 

It is the object of the present invention to provide method for controlling a drive of a vehicle 
during a phase of acceleration and also during a phase of constant ground speed operation, the 
method allowing for controlling by software and making it possible to adjust automatically 
the number of revolutions of the engine and the ratio of the gear to the actual phases in which 
the vehicle is operating. The method must respond to sudden increment of load and keep the 
speed of the vehicle substantially constant within the predetermined limits of power. 

The solution according to the present invention is to repeat a cycle of the following steps a), 
b) and c) during all phases of operation, 

a) determining any change in the torque % level of the driving engine (where 
torque % is equal to the actual torque of the engine at the actual speed 
divided by the maximum torque at the actual engine speed), 

b) calculating a theoretical engine speed in response to the change in torque % 
level and the actual speed of the engine caused by the change in torque % 
level, said theoretical engine speed being determined with the aid of a speed 
dependant performance parameter characteristic of the engine stored in the 
control unit which defines a desired operating range of said performance 
parameter, to bring the engine operation back into said desired operating 



1 



range of the parameter, adjusting the engine speed to the theoretical speed , 
and 

c) calculating and adjusting the gear ratio of the change-speed gear dependant 
on the theoretical engine speed of step b) to maintain the desired ground 
speed of the vehicle, 

the first step of the cycle being step a) or c) depending on the phase of 
operation of the vehicle. 

The new torque % level of the engine due to the imposed load is determined in step a) from 
the speed of the engine [the maximum torque which the engine can supply at the speed being 
determined from a maximum torque/engine speed characteristic provided by the engine 
manufacturer] and the amount of fuel injected into the engine [which is proportional, for 
example, to the position of a control rod or the fuel injector] and which determines the actual 
torque of the engine. 

Using the method of the present invention the drive of a vehicle may be controlled during 
both the phases of acceleration and constant ground speed in a manner so that the change of 
load during driving, for example an increase of load during driving an ascending slope, is 
recognized in time and an adjustment made to increase the number of revolutions of the 
engine. 

The method involves repeating the cycle of steps a), b) and c), the first step of the cycle being 
dependent upon the actual driving phase. During an acceleration phase the cycle starts with 
the step c), followed by the steps a) and b). During a constant ground speed phase the cycle 
starts with the step a), followed by the steps b) and c). 

The cycle of the steps is always the same both during the acceleration and constant ground 
speed driving phases. However, the first step of the cycle is different depending upon the 
driving phase involved. Consequently, the control of the drive reacts independent from the 
driving conditions in the necessary way to change of load. The generation of the necessary 
control software is easy due to the clear sequence of the program. 

In a further embodiment of the method for controlling a drive of a vehicle when a desired 
ground speed has been achieved, the method is characterised by comprising executing said 
steps in the order a), b), c) and repeating said steps to maintain the engine in the desired 
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operation range of the parameter with the vehicle working at the desired constant ground 
speed despite chang s in engine load. 

Modern electronic control units require only some milliseconds to conduct a step. 
Consequently, the whole cycle of the steps is conducted many times during a single second. 
A change in the torque % level of the engine according to step a) is determined practically 
without any delay in time. 

According to step b) the change in the torque % level of step a) and the actual number of 
revolutions of the engine caused by the change in torque % level are used to calculate a 
theoretical number of revolutions of the engine with the aid of a speed dependant 
performance parameter characteristic of the engine stored in the control unit which defines a 
desired operating range of said performance parameter, to bring the engine operation back 
into said desired operating range of the parameter. In following the step c) a gear ratio is 
calculated in response to the number of revolutions of the engine and the desired ground 
speed of the vehicle. The change of the gear ratio is controlled accordingly. The speed 
dependent performance parameter characteristic of the engine designed in a manner to make 
the engine work in an optimum field of low fuel consumption. 

The invention further includes a method for controlling the vehicle whilst in an acceleration 
phase prior to reaching the desired constant ground speed The method being characterised 
by including steps of setting a predetermined level of acceleration and initiating the 
acceleration phase followed by repeating steps c), a), b) until the vehicle has accelerated to 
the desired ground speed, the gear ratio selected in step c) being dependent on the set level of 
predetermined acceleration. 

The method of the present invention will now be described by way of example, in greater 
detail with respect to the following drawings in which:- 

shows a schematic view of a drive of a vehicle in which the method of the present 
invention is used; 

shows a schematic diagram of a cycle of method steps with the engine operating in a 
constant ground speed phase, and 

shows a schematic diagram of a cycle of method steps with the engine operating in an 
acc leration phase. 



Fig. 1 
Fig. 2 
Fig. 3 
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Referring to the drawings Fig. 1 shows a engine 1 of a vehicle such as a tractor, the engine 1 
driving the driving wheels 3 vehicle via a infinitely change-speed g ar 2. The engine 1 is a 
combustion motor supplied with fuel via an injection pump having a control rod (not shown). 
The gear 2 is a known hydrostatic-mechanical split power gear. 

Two input means are provided in the cabin which are manually operable by the driver. One 
input means is directed to the theoretical acceleration of the vehicle. The other input means is 
directed to the desired ground speed of the vehicle. The first input means is a step switch 4 
having four steps I, II, III and IV. The other input means is a throttle hand lever 5. Actuating 
the hand lever 5 into the forward end position initiates an acceleration phase, movement into 
the backward end position initiates a deceleration phase of operation. Different levels of 
acceleration are assigned to the steps I to IV of the step switch 4, these different levels being 
active for an acceleration phase initiated by lever 5. Both input means can be actuated by the 
driver before starting the drive and while driving also. During an acceleration phase the hand 
lever 5 has to be actuated and kept actuated until the desired theoretical ground speed of the 
vehicle is achieved. The ground speed of the vehicle achieved when the hand lever 5 is 
released is the desired ground speed. A control unit 6 is connected with the engine 1, its 
injection pump (not shown) and the gear 2 and received inputs from the step switch 4 and 
lever 5. 

The control unit 6 has built into its software the characteristics A and B shown in Fig. 1. 

Characteristic A has two curves, an upper curve Al which is the usual torque/speed curve 
which shows the maximum torque which the engine can provide as a function of engine speed 
and a lower curve A2 which shows the fuel consumption of the engine as a function of engine 
speed when providing the maximum torque output of curve A 1 . Both these curves are 
provided by the engine manufacturer. 

Characteristic B which is obtained experimentally defines between two boundary curves Gl 
and G2 a hysteresis area of engine operation in which the engine operates with acceptably low 
fuel consumption and acceptable engine power. Diagram B shows "torque %" as a function 
of engine speed where torque % = actual torque at actual engine speed 

Maximum torque at actual engine speed 

This diagram applies at least as far as middle and high engine power outputs are concerned. 
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Where the engine is operating above curve Gl or below G2 it is operating at high fuel 
consumption. For ach torque % operating point above Gl or below curve G2 an operating 
point within curves Gl and G2 can be found (by adjusting the speed of the ngine) where fuel 
consumption is acceptable low. The speed of the engine is adjusted by shifting the control 
rod of the engine injection pump. The actual operating point within the curves Gl and G2 
depends on the load imposed on the engine and the actual engine speed. A control loop built 
into control unit 6 tries to maintain the operating point of the engine in the low fuel 
consumption and acceptable power area between curves Gl and G2. 

The control unit 6 also adjusts the ratio of the gear 2 to keep the ground speed of the vehicle 
constant despite the change in speed of the engine necessary to bring the operating point of 
the engine within curves Gl and G2. This change in ratio of gear 2 results from the fact that 
the ground speed of the vehicle is proportional to the engine speed and the ratio of gear 2. 
The higher the engine speed the lower the necessary ratio and vice versa. 

Considering the vehicle operating in a constant ground speed phase the control procedure 
indicated in Fig 2 is applied. 

If the vehicle is operating in a constant ground speed phase at point Bl in characteristic B of 
Fig. 2 with an engine speed of X r.p.m. and is then subjected to an increase in load, as a 
result for example of climbing an ascending slope, the engine speed will reduce to say Y 
r.p.m. due to the increased load. 

The control unit 6 is step a) of the control procedure determines the new torque % level of the 
engine due to the imposed load. This is determined from the speed of the engine [which 
determines the maximum torque which the engine can supply at the speed - (from 
characteristic A)] and the position of the control rod of the fuel injector which is proportional 
to the fuel injected and hence the actual torque of the engine. 

Having established the new torque % level in step a) the control unit 6 then applies step b) of 
the control procedure during which the fuelling of the engine is increased by adjusting the 
position of the control rod of the engine injection pump to try to maintain the previous engine 
speed of X r.p.m. (and hence the desired ground speed) and also to increase the power output 
of the engine to match the increased load. Thus the torque % level increases to B2 and the 
engine speed rises from Y r.p.m. back towards X r.p.m. giving a new operating point B3. 



5 



Th control loop which tries to maintain the operating point inside curves Gl and G2 checks 
whether point B3 is inside curves G 1 and G2 and if not increases the engine to say the level Z 
to bring the operating point just inside curve Gl at say B4. In the final step c) of the control 
procedure the control unit 6 then adjusts the ratio of the gear 2 to match the engine speed Z 
and hence ensure that the desired ground speed of the tractor remains unchanged. 

As will be appreciated all the above actions can be taken very quickly so that any necessary 
connective action in adjusting engine fuelling and gear ratio are made before any change in 
engine load can have a dramatic effect on engine output and vehicle ground speed. 

Similarly if the vehicle is operating in a constant ground speed phase at point B4 at an engine 
speed of Z r.p.m. and a decrease in engine load occurs, for example because it begins to 
descend a slope, the speed of the engine increases to say U r.p.m. The control unit 6 
decreases the fuelling of the engine by adjusting the position of the control rod of the engine 
injection pump to try to maintain the previous engine speed of Z r.p.m. (and hence the desired 
ground speed) and also to decrease the power output of the engine to match the decrease in 
load. If the decrease in load and hence torque% is high enough, the actual operating point of 
the vehicle may be outside the low fuel consumption area and below the curve G2 at, for 
example, point B5. The various control loops in control unit 6 recognise that point B5 is 
below curve G2 and reduce the engine speed back towards the previous speed of Z r.p.m. and 
reduce the torque % level to give an operating point of B6. the system recognises that point 
B6 is still below curve G2 and further reduces the engine speed of V r.p.m. to give and 
operating point B7 which is just within curves Gl and G2. The low fuel consumption 
operation is restored and the ratio of gear 2 is adjusted to the new engine speed of V r.p.m. to 
maintain the desired constant ground speed. 

Operation of the vehicle during a phase of acceleration (Fig. 3) is as follows. 

Phases of acceleration may occur from a vehicle ground speed of zero when the vehicle is 
starting from a standstill or from higher ground speeds during normal operation and are dealt 
with in the same manner. A phase of acceleration generally lasts some seconds, during which 
the hand lever 5 is kept actuated by the driver. The speed of the vehicle achieved when the 
hand lever is released is taken as the desired or theoretical ground speed of the vehicle. 

With the lever 5 actuated by the driver to request an acceleration, as the first step c) of the 
control procedure the ratio of the gear 2 is increased by control unit 6. Contrary to the step c) 
when the vehicle is in a constant ground speed phase, the magnitude of the change in ratio of 
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g ar 2 in th acceleration mode is determined only by whether switch 4 is in position I, II, III 
or IV. The higher the level of the acceleration set on switch 4 the higher the ratio change 
used and th higher the torque % level change determined in the next step a) of the control 
procedure. This is determined using the procedure outlined above in which the engine speed 
determines the maximum torque which the engine can supply at that speed (determined from 
characteristic A) and the position of the control rod of the fuel injector indicates the fuel 
injected and hence the actual torque of the engine. As can be seen from the characteristic 
diagram B, the operating point CI of the engine is shifted in the direction of the operating 
point C2 above the boundary curve Gl depending upon the reduction in engine speed and the 
increasing load on the engine. This occurs, as indicated above, in response to the preset 
theoretical acceleration step of the vehicle set by switch 4. The higher the preset acceleration 
step the higher the operating point C2 above the boundary curve Gl . Consequently, the 
difference between the actual number of revolutions and the number of revolutions assigned 
to this operating point is higher. In step b) of the procedure, the control unit 6 then adjusts the 
vehicle speed to bring the operating point inside curve Gl and G2 to point C3. This cycle is 
repeated until the acceleration is complete and the desired ground speed is achieved. 
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